Using the dynamic conditional correlation (DCC) model due to Engle (2002), we estimate time varying correlations of quarterly real GDP growth among the G7 countries. In general, we find that rather heterogeneous patterns of international synchronization exist during US recessions. During the 2007-2009 recession, however, international co-movement increased substantially.
Introduction
Conventional wisdom holds that recessions are highly synchronized across industrialized countries. So far, however, the available evidence is mostly anecdotal.
1
In this note, we estimate time-varying correlations using the dynamic conditional correlation (DCC) model introduced by Engle (2002) . To our knowledge, this is the first application of the DCC model to macroeconomic data. Our results indicate a strong increase in output growth correlations among the G7 countries during the [2007] [2008] [2009] recession in the United States. We also show that this increase was rather unusual in the sense that we find only little evidence suggesting that output growth rates became more synchronized during previous recessions.
Our analysis is closely related to the empirical literature on business cycle synchronization (see, e.g. Otto et al., 2001; Ayhan Kose et al., 2003; Imbs, 2004 ) and especially to Crucini et al. (2008) , Ayhan , Doyle and Faust (2005) and Stock and Watson (2005) who also study the correlation of business cycles in the G7 countries. In contrast to the existing literature, we focus explicitly on the synchronization of GDP growth during recessions. Claessens et al. (2009) show that recession periods typically occur simultaneously across countries. We focus, in contrast, on the cross-country correlation of output growth dynamics during recessions.
Data and methodology
Let y t = (y 1,t , ..., y 7,t ) denote the vector of quarterly growth rates of per capita real GDP in the G7 countries (Canada, France, Germany, Italy, Japan, UK and US). We calculate The estimation of the DCC model involves two steps: first, we specify each conditional variance as a univariate Generalized Autoregressive Conditional Heteroskedasticity (GARCH) process and second, we use the standardized residuals from the first step to construct the conditional correlation matrix. Specifically, the DCC model is defined as
where µ t = (µ 1,t , ..., µ 7,t ) is the conditional mean vector of y t , which we specify to follow an autoregressive process of order 4. t is the vector of residuals based on the information set, Ω, available at time t − 1. The residuals are normally distributed with zero mean and conditional covariance matrix H t = (h i,j,t ). I is a 7 × 7 identity matrix.
7,7,t ) is a diagonal matrix of square root conditional variances, where h i,i,t follow univariate GARCH processes, and R t is the matrix containing the time-varying conditional correlations defined as
where Q t = (q i,j,t ) is a symmetric, positive definite matrix:
where u t = (u 1,t , ..., u 7,t ) is the vector of standardized residuals,Q is the unconditional covariance matrix of u t , and α and β, which are the values of the autoregressive and variance coefficients, respectively, are nonnegative scalars satisfying α + β < 1.
Because normality of the residuals is rejected, we estimate the DCC model using the quasi-maximum likelihood estimator under the multivariate student's t distribution. Note that the DCC model is well specified as the multivariate versions of the Portmanteau statistic of Hosking (1980) and Li and McLeod (1981) do not reject the null hypothesis of no serial correlation in the standardized and squared-standardized residuals, respectively, up to 10 lags. 
Estimation Results
where dc i,j,t = log((1 + ρ i,j,t )/(1 − ρ i,j,t )) and ρ i,j,t is the estimated dynamic correlation between countries i and j. Note that we transform the dynamic correlations to ensure that our dependent variable is not confined to the interval [−1, 1]. Our results are not sensitive to this transformation. α i,j are cross-section specific effects and rec t denotes a dummy variables that is defined as rec t = 1 if the US economy was in a recession in quarter t and rec t = 0 otherwise. find no significant effect and in the former episode, the point estimate is even negative.
However, during the 2007-2009 recession we obtain a highly significant and quantitatively large effect. According to the point estimate, the conditional correlations increased on average by slightly more than 0.2 points, which is not just statistically significant, but also economically substantial.
In Column 3, we add the dummy rec <1980 . which is equal to 1 during recessions that occurred before 1980 and equal 0 otherwise. We see that although we obtain similar effects for the recessions that occurred after 1980, rec <1980 enters with a negative sign and significantly at the 10% level. Thus, it appears that before 1980, US recessions were associated with a de-synchronization of GDP growth rates. To illustrate this point further,
we estimate a specification with rec <1980 and a dummy that captures recessions after 1980: and include a dummy, D t , which is equal to 1 if t > 1984Q4 and equal to 0 otherwise.
4 Note that the recession during the early 1980s was actually a sequence of two recessions. The first one occurring between 1980Q1 to 1980Q3 and the second one between 1981Q3 to 1982Q4. Because our results remain unchanged, we pool these two intervals and treat them as a single recession period.
Column 5 of Table 2 shows that the dummy enters negatively and significantly, whereas As a robustness analysis, we repeated the estimation with the correlation between contemporaneous GDP growth in the United States and lagged GDP growth in the remaining G7 countries. In addition, we augmented Equation 6 with aggregate as well as cross-section specific time trends. Our results remain unchanged.
Conclusion
In this paper we show that the 2007-2009 recession in the United States is associated with unusually highly synchronized output growth dynamics in the G7 countries. We estimate that, on average, the conditional correlations of GDP growth rates increased by roughly 0.2 points during this period. A key question that arises is why output dynamics during this downturn were so synchronized across the G7 countries.
According to Mendoza and Quadrini (2009) A detailed analysis of these issues remains an interesting direction for further research. 
where k denotes the number of parameters, T denotes the number of observations and LogLik denotes the log-likelihood function.
** and * Denote p < 0.05 and p < 0.01, respectively. Notes: In each specification, the dependent variable is the transformed conditional correlation dc i,j,t = log((1 + ρ i,j,t )/(1 − ρ i,j,t )), where ρ i,j,t is the estimated dynamic correlation between countries i and j.
All specifications include cross-section specific effects. Robust SEs in parentheses.
***, ** and * Denote p < 0.05, p < 0.01 and p < 0.1, respectively.
